Abstract: Nowadays HCV-related chronic hepatitis represents one of the main challenge for infectious diseases for many reasons: the dimension of the phenomenon, as millions of patients are afflicted with this pathology in the world, the dramatic consequences on the quality of their life, the economic and sanitary efforts sustained by the society, but also the stimulating results in therapeutic approach due to the introduction of interferons in monotherapy first and association therapy (IFN plus ribavirin) later in modern protocols. The results obtained with these therapies are very encouraging even if medical doctors and patients know very well that this therapy is related to some side effects that grow dramatically in number with the progression of scientific knowledge. The Authors review the literature on the relationship among HCV, IFN therapy and diabetes to understand better damages and benefits of this long debated matter and possibly add their contribution to clinical and therapeutic strategies.
INTRODUCTION
We know that it is possible to distinguish type 1 and type 2 diabetes mellitus (DM), different in their pathogenic mechanisms.
Type 1 diabetes mellitus is related to immune-mediated damage to pancreatic beta-islet cells, even if genetic predisposition and environmental factors are necessary for its development. It is characterized by islet infiltration of Tlymphocytes and monocytes and by hyper-expression of Major Histocompatibility Complex (MHC) class I antigens [1] .
Type 2 diabetes mellitus is related to peripheral insulin resistance (IR), obesity, hyperinsulinemia [2] .
METHODOLOGY
The Authors review the literature of last eleven years on the relationship among HCV, IFN therapy and diabetes.
HCV AND DIABETES MELLITUS
It is frequent to observe glucose intolerance or diabetes mellitus in course of chronic liver disease; some studies have demonstrated a strong correlation between Hepatitis C Virus (HCV) and type 2 diabetes mellitus and, in some cases, genotype 2a has been found to be specifically linked with diabetes.
Mason et al. have found, by means of multivariate analysis, that HCV infection and age but not cirrhosis are independent predictors of diabetes [3, 4] .
Nevertheless, recent literature data report, in HCVinfected patients with chronic hepatitis and normal transa-*Address correspondence to this author at the Department of Public Medicine and Social Security -Section of Infectious Disease (Ed. 18), University of Naples "Federico II", Via Sergio Pansini, 5, 80131 Naples, Italy; Tel: +390817463086; Fax: +390817463094; E-mail: reynaud@unina.it minases, a fivefold higher prevalence of diabetes than in anti-HCV negative patients and conclude that correlation starts at early stages of hepatic disease [5, 6] .
The most accredited mechanism by which HCV determines type 2 diabetes mellitus is insulin-resistance syndrome likely to be related to steatosis, hyper-production of proinflammatory cytokines or to the direct involvement of HCV in insulin signalling pathway [6] [7] [8] [9] .
Tumor necrosis factor (TNF)-has also been suggested as possible link between diabetes and HCV [10] .
The relationship among HCV, steatosis and IR is genotype specific: Fartoux et al. show that steatosis and fibrosis are more frequent and severe in patients infected with genotype 3 than in those infected with genotype 1, while host factors such as age, disease duration, alcohol consumption, Body Max Index (BMI), serum ALT activity, Homeostasis model assessment index [HOMA index: method to calculate insulin resistance = fasting serum insulin (μU/ml)x serum glucose (mMol/L)/22.5] and histological activity score are not different in the two groups. In genotype 1 patients age, BMI, HOMA IR and hepatic iron concentration were significantly linked with the degree of steatosis.
HOMA IR and viral load were the only variable independently related to fatty liver in genotype 1 and genotype 3 infected patients respectively.
Steatosis is genotype 3 mediated by a cytopathic mechanism while IR is responsible for the development of steatosis in genotype 1 viral infected patients, a sort of cascade mechanism in which IR determines an increased circulating insulin causing steatosis, a risk factor for fibrosis.
All these considerations seem very interesting for the therapeutic approach regarding, for example, lifestyle changes (weight loss, abolition of alcohol consumption, cardio-vascular control) and metformin or peroxisome proliferator activated receptor -agonists assumption [11] [12] [13] [14] [15] [16] [17] .
INTERFERONS AND DIABETES: A REVIEW
Interferons (IFN) are natural molecules with antiviral, antiproliferative and immunomodulatory effects, which are usually employed in the therapy of malignancies and chronic viral hepatitis.
INF therapy can produce a lot of systemic side effects that include a flu-like syndrome, hematological abnormalities, cardiovascular and central nervous symptoms, gastrointestinal symptoms, diabetes mellitus, autoimmune disorders, pulmonary dysfunction, depression and retinopathy [18, 19] .
In course of interferon therapy, the cumulative incidence of all autoimmune disorders is described between 1 and 3%; the frequency of glucose intolerance is estimated about 0,1-0,6%, while insulin dependent diabetes mellitus (IDDM) with anti-pancreatic islet cell (ICA) antibody or antiglutamic acid decarboxylase (GAD) are described as rare cases [18] [19] [20] .
Uto et al. describe a case of IDDM with various autoantibodies including anti-insulin receptor antibody (AIRA) [19] .
Three are the possible mechanisms supposed to explain the effects of -IFN on pancreatic dysfunction in patients suffering from HCV infection: 1) viral dsRNA should induce apoptosis in pancreatic -cells and also production of -INF, directly cytotoxic to pancreatic -cells; 2) -IFN should activate apoptosis through oligoadenylate synthase -RnaseL and the protein kinase R; 3) INF should increase regulatory hormone secretion, such as growth hormone, glucagon and injure glucose tolerance [20, 21] .
Thirty six cases of -IFN IDDM had been reported up to 2006 [20, 22] . In 2003 Fabris et al. reviewed thirty-one cases of DM in course of IFN therapy. Twenty-five of these patients were afflicted with chronic C hepatitis, three with chronic B hepatitis, three with cancer, one of whom was also infected with HIV.
Nine patients were treated with -interferon plus ribavirin, one patient with -interferon and interleukin-2, one patient with -and -interferon, one with -interferon alone, the remaining with -interferon monotherapy.
Family predisposition for IDDM and non insulin dependent diabetes mellitus (NIDDM) was positive in three cases and six cases respectively, sixteen of them had negative family history for diabetes while there were no data for six patients.
At the moment of diagnosis eleven patients were positive for ICA, two for IA (insulin antibody)-Abs, eighteen for GAD-Abs; Human Leukocyte Antigen (HLA) haplotypes for the study of susceptibility to IDDM were detected in sixteen of the eighteen cases studied.
Unfortunately neither these data of literature include the total number of treated patients in considered temporal interval, nor the information regarding viral genotype is available.
According to the conclusions of this work: a small number of patients afflicted with chronic C hepatitis is positive for pancreatic autoimmunity markers; they are at relative risk of developing DM if treated with alpha interferon; only a few patients develop de novo pancreatic autoimmunity and fall in the group at risk of developing DM; a timely suspension of -IFN therapy is rarely accompanied by regression of clinical DM.
This report confirm that IDDM, in course of -IFN therapy, is a rare event; IFN seems to play a trigger effect on IDDM onset so as it can also amplify thyroid autoimmune response in predisposed subjects [1, [23] [24] [25] [26] [27] .
In the latest years, the onset of diabetes has also been observed in course of therapy with pegylated -interferon (Peg--IFN) , a new progress in the therapeutic approach to chronic viral hepatitis.
Recent data from international literature report almost six cases of IDDM: one of these patients, reported by Jabr et al, had a history of HIV/HCV coinfection while another patient, described by Soultati et al, developed double side effects: diabetic ketoacidosis and tyro-toxicosis (a condition characterized by circulating thyroid hormones increase and a series of symptoms and signs such as tachycardia, diarrhea, anxiety) in course of association therapy with Peg--IFN plus ribavirin [20, [28] [29] [30] [31] .
We can conclude that Peg--IFN shares the autoimmunity triggering role with classical -IFN [20] . Konishi et al. examined the influence of DM on the outcome of IFN-2b plus ribavirin therapy in a cohort of 110 patients with chronic C hepatitis: sex, age, BMI, alanineaminotransferase levels, HCV-RNA titer, and HCV genotype did not differ between the patients with or without DM, while HCV genotype 1 and the presence of DM were independently associated with SVR, to say that DM reduces the response to IFN [33] . Simò et al. (2006) decided to compare the incidence of glucose abnormalities in HCV infected patients with or without SVR after antiviral therapy.
They observed that clearance of HCV significantly reduces the development of glucose abnormalities in chronic C hepatitis afflicted patients. Obviously this conclusion is a further confirmation that HCV infection causes IDDM [6] .
In recent literature it has also been described a case of resolution of pre-existing type 2 DM in a patient with chronic HCV infection, which did not respond to IFN therapy [22] .
DISCUSSION
According to international literature we propose that all patients afflicted with chronic C hepatitis undergo a complete screening for autoimmune markers including those regarding the predisposition to IDDM (ICA, IA GAD-Abs, and if possible HLA haplotypes too) before, during and after IFN therapy.
We also suggest a screening for risk factors of metabolic syndrome before IFN therapy.
Moreover we think that the usual patients' counseling would include information about the possible developing of DM in course of IFN therapy.
In fact, the subject should be informed about the risk that DM could impair effectiveness of IFN therapy, that a recovery is possible even in case of non response to IFN therapy and also that SVR is shown to ameliorate glucose abnormalities.
Moreover if either genetic predisposition or environmental factors or host factors are positive for the risk of developing DM, we suggest to act on modifiable life style: body weight loss (in particular for type 2 diabetes), correct alimentary approach, physical activities, patient education. This attitude will have very important consequences on the patient's life: in fact beside the direct role played by HCV and IFN, the weight loss would positively influence IR and glucose homeostasis. We agree that there are obstacles due to the high costs of laboratory screening and counseling but we wonder whether these expenses will be really larger than the management of a diabetic subject during their whole life. According to WHO, direct health care costs of diabetes range from 2.5% to 15% of annual health care budgets, depending on local diabetes prevalence and the sophistication of the treatment available.
